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20	g)	 reared	 at	 17°C	 were	 fed	 one	 of	 each	 diet	 to	 apparent	 visual	 satiation	 over	











mineral	 contents	 showed	 that	 normal	 levels	 were	 maintained	 only	 for	 Cu	 and	 Mn	
through	supply	from	basal	V0	diet.	For	Zn	and	Se,	available	supply	even	from	the	highest	
supplemented	diet	(V150)	was	not	sufficient	to	maintain	normal	body	mineral	levels	of	
rainbow	trout	 in	the	present	study.	On	the	whole,	optimal	dietary	 inclusion	 levels	of	
microminerals	are	altered	while	using	fishmeal-	free	diets	for	rainbow	trout.




Mineral	 requirements	 of	 fish	 and	 optimal	 dietary	 inclusion	 level	 in	





highly	 purified	 ingredients	 in	which	 the	 nutrients	 are	 highly	 digest-
ible	 and	 therefore	 the	 values	 represent	 near	 100%	 bioavailability.”	
540  |     ﻿ANTANY  JESU  P﻿ABSU JN ﻿al.






to	 be	 supplemented	 in	 fish	 feeds	 due	 to	 the	 low	 levels	 in	 practical	
feed	ingredients	and	interactions	with	other	dietary	components.	The	
magnitude	of	supplementation	depends	on	the	intrinsic	contribution	

























Se)	 premixture	was	 designed	 to	meet	 the	 theoretical	 requirements	









2.2 | Fish, feeding and rearing condition
Rainbow	trout	juveniles	(19.8	±	0.8	g,	IBW)	were	randomly	distributed	
into	 21	 experimental	 units,	 each	 of	 500	L	 (40	fish/unit).	 Triplicate	
groups	of	fish	were	hand	fed	twice	a	day	to	apparent	visual	satiation	
for	 a	 period	 of	 12	weeks	 (6	days	 a	week).	 The	 fish	were	 reared	 in	
flow-	through	systems	at	the	INRA	experimental	fish	farm	at	Donzacq	
(Landes,	 France).	Water	 temperature	was	 17	±	0.5°C,	 and	 the	 flow	




2.3 | Fish, tissue and faecal sampling

















Moisture	 content	 of	 the	 pooled	 fish	 samples	 was	 determined	 by	
drying	 freshly	 ground	 samples	 at	 105°C	 for	 24	hr.	 The	 chemical	
composition	of	 the	diets	 and	of	 fish	 samples	were	 analysed	by	 the	
following	methods:	 dry	matter	 after	 drying	 at	 105°C	 for	 24	hr,	 ash	
by	 combustion	 at	 600°C	 for	 four	 hours	 in	 a	muffle	 furnace,	 crude	
protein	(Nx6.25)	by	Kjeldahl	method	in	acid	digested	samples,	crude	
lipid	by	petroleum	ether	extraction	using	Soxhlet	method	(Soxtherm)	
and	 gross	 energy	 content	 in	 an	 adiabatic	 bomb	 calorimeter	 (IKA,	
Heitersheim	Gribheimer,	Germany).	The	concentrations	of	P,	Ca,	Mg,	
K,	Fe,	Cu	and	Zn	 in	 the	diets,	whole	 fish	and	 faeces	were	analysed	




of	 the	 basal	 V0	 and	 M0	 diets	 are	 presented	 in	 Table	1,	 and	 the	
micromineral	concentration	of	the	diets	are	provided	in	Table	2.
2.5 | Data analysis
Tanks	 (n	=	3)	 were	 used	 as	 experimental	 units	 for	 data	 on	 growth,	
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3  | RESULTS
3.1 | Feed intake and growth performance
Data	 on	 feed	 intake	 (FI),	 weight	 gain	 (WG)	 and	 other	 indices	 of	
growth	performance	 such	as	 feed	efficiency	 (FE)	 and	daily	growth	
index	 (DGI)	 are	 provided	 in	 Table	3.	 During	 the	 12-	week	 feeding	













































S;	 Sigma	 C8027,	 Saint-	Quentin-	Fallavier,	 France),	 3	g;	MnSO4.H2O	 (33%	Mn;	 19%	 S;	 VWR	Chemicals	 25303.233;	 Fontenay-	sous-	Bois,	 France),	 3	g;	
ZnSO4·7H2O	(36%	Zn;	18%	S;	VWR	Chemicals	29253.236;	Fontenay-	sous-	Bois,	France),	4	g;	KI	 (76%	I;	24%	K;	Sigma	P4286,	Saint-	Quentin-	Fallavier,	
France),	0.04	g;	Na2SeO3	(46%	Se;	27%	Na;	Sigma	71950,	Saint-	Quentin-	Fallavier,	France.),	0.03	g;	α-	cellulose	(carrier)964.93	g.
cVitamin	premix	 (IU	or	mg/kg	diet):	DL-	a	 tocopherol	 acetate,	 60	IU;	 sodium	menadione	bisulphate,	mg;	 retinyl	 acetate,	 15,000	IU;	DL-	cholecalciferol,	
3,000	IU;	thiamin,	15	mg;	riboflavin,	30	mg;	pyridoxine,	15	mg;	B12,	0.05	mg;	nicotinic	acid,	175	mg;	folic	acid,	500	mg;	inositol,	1,000	mg;	biotin,	2.5	mg;	
calcium	pantothenate,	50	mg;	choline	chloride,	2,000	mg	(UPAE,	INRA).
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3.3 | Contribution of basal diet in meeting available 
micromineral requirements




ommendations	 for	 rainbow	 trout,	 the	V0	basal	diet	 covered	34.3%,	
Diet code V0 V30 V60 V100 V150 M0 M100
Iron 153.8 169.1 185.2 205.4 234.8 161.6 212.9
Copper 7.0 8.8 10.0 12.9 14.2 6.9 14.0
Manganese 88.6 92.2 94.1 100.9 102.1 9.4 22.7
Zinc 42.9 44.1 46.8 52.5 58.1 62.8 72.5








IBW (g/fish) FBW (g/fish) Feed intake (g/fish) Weight gain (g/fish) FE DGI
V0 19.8	±	0.6 144	±	12.8a 113.7	±	5.7a 123.8	±	12a 1.2	±	0.04a 3	±	0.15a
V30 19.8	±	0.5 145.8	±	4.5a 116.9	±	1.3a 126	±	4.8a 1.1	±	0.02a 3	±	0.08a
V60 19.9	±	0.8 155.1	±	2.2a 121.6	±	1.4ab 135.2	±	1.5a 1.2	±	0.02a 3.2	±	0.02b
V100 19.7	±	0.5 145.3	±	5.7a 115.9	±	3.5a 125.5	±	5.4a 1.1	±	0.03a 3	±	0.07a
V150 20	±	0.3 146.8	±	4.5a 120.4	±	4.5ab 126.8	±	4.8a 1.1	±	0.07a 3.1	±	0.1ab
M0 19.7	±	0.5 187.9	±	6b 127.6	±	1.7b 168.3	±	5.3b 1.4	±	0.03b 3.6	±	0.1c
M100 19.7	±	0.5 190.8	±	5.5b 131.2	±	2.4b 171.1	±	4.1b 1.4	±	0.03b 3.6	±	0.04c






P Mg Ca K Fe Cu Mn Zn Se
V0 58.5	±	7.9a 68.6	±	5.2b 7.4	±	1.1 88.4	±	1.1a 13.4	±	1.9d 39.8	±	5.5c 7.3	±	0.4a 40.2	±	3ba 81.4	±	1.4b
V30 60.8	±	0.8a 69.4	±	4.5b 8.4	±	0.9 88.9	±	0.6a 12.9	±	0.1d 35.9	±	3.1c 8.7	±	1a 38.6	±	2.2ba 80.7	±	1.8b
V60 60.9	±	6.2a 68.9	±	4.8b 9.2	±	7.1 88.9	±	1.2a 13.1	±	1.1d 27.7	±	2.1b 9.9	±	2.6a 40.4	±	2.3ba 80.4	±	2.4b
V100 59.6	±	5.9a 70	±	3.9b 11.8	±	1.9 89.2	±	0.4a 10.1	±	1.2bc 28.3	±	4.4b 10	±	2.6a 39.4	±	2ba 79.8	±	1.7b
V150 58.7	±	2.3a 68.1	±	4.9b 7.9	±	5.6 88.7	±	0.4a 7.5	±	0.5b 19.1	±	2.3a 6.6	±	2.1a 34.5	±	1.8a 80.8	±	2.1b
M0 70.5	±	1.8b 65.4	±	3.3ab 13.4	±	3.1 97.4	±	0.2b 39.2	±	3.1e 74.8	±	0.2e 31	±	4.8b 56.1	±	7.4c 80.5	±	0.7b
M100 67.5	±	1.2ab 58.5	±	3.8a 8.3	±	0.1 97.1	±	0.1b 3.7	±	0.9a 35.1	±	3.7d 25.7	±	6.8b 45.8	±	3b 74.4	±	1.5a








3.4 | Chemical composition of fish
The	 major	 chemical	 composition	 of	 the	 body	 such	 as	 moisture	
(674	±	5	g/kg),	crude	protein	(155	±	2	g/kg),	crude	fat	(166	±	6	g/kg),	





concentration	of	Cu	 (p	<	.05),	Zn	 (p	<	.01)	and	Se	 (p	<	.01)	 increased	









concentrations	 above	 recommended	 levels	 and	 twofold	 to	 11-	fold	
variations	for	microminerals	such	as	Fe	(80–540	mg/kg),	Cu	(5–40	mg/
kg),	 Mn	 (35–100	mg/kg)	 and	 Zn	 (50–260	mg/kg)	 within	 similar	 feed	
categories	of	commercial	salmonid	feeds	that	were	available	in	Europe.	
Three	 decades	 down	 the	 line,	 the	 situation	 has	 not	 changed	 much,	
according	to	the	recent	report	based	on	a	survey	on	different	Norwegian	
fish	feeds	over	a	decade	from	2000	to	2010	(Sissener	et	al.,	2013).	The	





commercial	 fish	 feed	 formulations	 are	 more	 often	 negligent	 to	 the	
negative	 effects	 of	 excess	 micromineral	 supply.	 Given	 the	 diverse	
array	of	alternate	 feed	 ingredients	of	varying	mineral	 concentrations,	
necessary	 strategies	 need	 to	 be	 devised	 to	 provide	 optimal	 levels,	
avoiding	deficient	or	excess	of	microminerals	in	fish	feeds.
The	available	micromineral	levels	from	the	basal	diets	(both	M0	and	
V0)	 fulfilled	more	 than	 90%	 of	 the	 respective	micromineral	 require-
ments	 to	rainbow	trout	except	 for	Mn	with	reference	to	NRC	(2011)	
recommendations.	However,	 the	 final	whole	 body	 concentrations	 in-
dicated	deviations	from	the	earlier	statement.	Final	body	composition	




be	 tested	 in	 rainbow	trout	 (NRC,	2011).	Shearer	 (1995)	predicted	an	






















Available supply from 
basal diet (mg/kg DM)a Percentage contribution 
of M0 diet to NRC 
(2011) recommendationd
Percentage contribution 
of V0 diet to NRC (2011) 
recommendationd
Mineral balance from V0 
diet based on whole body 
levels in this studybM0- diet V0- diet
Iron NT	(21c) 63.3 20.61 301.4 98.1 −
Copper 3 5.2 2.79 173.3 92.9 ++
Manganese 12 2.9 6.47 24.2 53.9 ++
Selenium 0.15 0.87 0.19 580.0 130.2 −	−
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Cu	levels	(Ogino	&	Yang,	1980).	Reports	on	Cu	requirement	for	several	















increased	 steeply	when	dietary	Cu	was	 in	 excess	of	13.2	mg/kg	DM	
(>4	mg/kg	DM	on	available	basis).	This	increase	in	whole	body	Cu	was	
concurrent	with	 the	 significant	 reduction	 in	AAC	of	Cu	 in	V	 fed	 fish	
possibly	indicating	a	regulatory	mechanism	in	response	to	the	dietary	
Cu	overload,	as	observed	 in	Atlantic	 salmon	 (Berntssen,	Lundebye,	&	
Maage,	1999).	Moreover,	despite	the	level	of	Cu	in	the	M	and	V	diets	

























making	 a	 significant	 contribution	 to	 faecal	 Mn	 load	 (Sugiura	 et	al.,	
1998).	However,	vertebral	Mn	concentration	would	have	provided	a	
more	 robust	 indicator	 to	 evaluate	whether	 the	Mn	 supplied	by	diet	
V0	was	sufficient	to	rainbow	trout,	as	shown	by	Satoh,	Takeuchi,	and	

























































































































































































































































































































































































































































































































































































































































































































































































































































pared	 to	 fishmeal.	The	basal	V0	diet	had	a	 total	Se	concentration	of	
0.24	mg/kg	DM	which	 is	 about	 threefold	 to	 fourfold	 lower	 than	ob-
served	 with	 a	 fishmeal-	based	 diet.	 NRC	 (2011)	 recommends	 a	 Se	

















Fotedar,	 2013);	 and	1.6	 for	 grouper	 (Lin,	 2014)	 under	normal	 health	
























INRA-	WUR	 aquaculture	 platform;	 this	 work	 is	 also	 a	 contribution	
to	 the	EU-	funded	project,	ARRAINA:	Advanced	Research	 Initiatives	
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